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,QUHFHQW\HDUVUHVHDUFKHUVKDYHSURSRVHGVHYHUDO
VRIWZDUHUHOLDELOLW\PRGHOVWRHVWLPDWHWKHQXPEHURI IDXOWVGXULQJWKHVRIWZDUHWHVWLQJSURFHVV7KHVHSDUDPHWULF
PRGHOVKDYHDVHWRIXQNQRZQSDUDPHWHUV7KHVHWRIXQNQRZQSDUDPHWHUVIRUSDUDPHWULFPRGHOVPXVWEHDVVHVVHG
DQGHYDOXDWHGEDVHGRQWKHREVHUYHGKLVWRULFIDLOXUHGDWDRIWKHVRIWZDUHSURMHFWV)RUWKLVSXUSRVH6WDWLVWLFVEDVHG
6RIWZDUH5HOLDELOLW\DVVHVVPHQWDQGHVWLPDWLRQPHWKRGVDUHXVHGYHU\KLJKO\IRUJHWWLQJWKHVROXWLRQVIRUWKHDERYH
GLVFXVVHG SUREOHP )RU H[DPSOH OHDVW VTXDUH PD[LPXPOLNHOLKRRG LQVWUXPHQWDO YDULDEOH PHWKRG ZHUH XVHG WR
VROYHWKHSDUDPHWHUHVWLPDWLRQSUREOHP
 ,QWKHSDVWIHZ\HDUVDQXPEHURIGLIIHUHQWVRIWZDUHUHOLDELOLW\PRGHOVKDYHEHHQLQWURGXFHG>@WRVROYH
WKHDERYHGHVFULEHGSUREOHP$VDUHVXOWRIH[WHQVLYHUHVHDUFKZRUNLQWKHILHOGRIVRIWZDUHUHOLDELOLW\HYDOXDWLRQ
DQGDVVHVVPHQWPHWKRGVHIIHFWLYHPRGHOVKDYHEHHQGHVLJQHGDQGGHYHORSHGWRPHHWWKHLQFUHDVLQJGHPDQGVRIWKH
VRIWZDUHHQJLQHHUVV\VWHPHQJLQHHUVDQGPDQDJHUV IRUWKHSURFHVVRITXDQWLI\WKHVRIWZDUHUHOLDELOLW\SDUDPHWHUV
IRUHIIHFWLYHDQGHIILFLHQWVRIWZDUHUHOLDELOLW\SUHGLFWLRQ7KHVHPRGHOVZHUHXVHIXOLQFDVHVOLNH
Ŷ 0DQDJLQJUHOLDELOLW\
Ŷ 0DQDJLQJSURJUDPFKDQJHV
Ŷ 0RQLWRULQJWHVWSURJUHVV
Ŷ 0DNLQJVRIWZDUHHQJLQHHULQJDQGWUDGHRIIVZLWKVFKHGXOHVDQGFRVW
,QWKLVSDSHUZHSURYLGHDGHWDLOHGFRPSDULVRQEHWZHHQYDULRXVPRGHOVWKDWKDYHEHHQSURYLGHGLQOLWHUDWXUHIRU
SUHGLFWLQJIDXOWVLQWKHVRIWZDUHWHVWLQJSURFHVV7KH\DUHFRPPRQO\NQRZQDVVRIWZDUHUHOLDELOLW\PRGHOV

 62)7:$5(5(/,$%,/,7<02'(/6(/(&7,216
 6HOHFWLRQRIDSDUWLFXODUPRGHOLVDFKDOOHQJLQJSUREOHPIRUVRIWZDUHUHOLDELOLW\SUHGLFWLRQ7KHUHDUHWZR
UHDVRQV IRU WKDW 7KH\ DUH WKH VHOHFWLRQ RI WKH UHOHDVH WLPH DQG WKH YDOXH RI UHVRXUFH DOORFDWLRQ GHFLVLRQ7KHVH
IDFWRUVFDQDIIHFW WKHDFFXUDF\RIWKHSUHGLFWLRQ,QWKHSDVWVHYHUDOVROXWLRQVKDYHEHHQSURSRVHGWRDGGUHVVWKH
VROXWLRQIRUWKHDERYHGHVFULEHGSUREOHPV7KH\DUH>@
Ŷ 8VHVHYHUDOVRIWZDUHUHOLDELOLW\PRGHOVDQGVHOHFWWKHRQHWKDWJLYHVWKHKLJKHVWFRQILGHQFH
Ŷ 8VHWKHUHFDOLEUDWLRQPHWKRGWRFRPSHQVDWHIRUWKHELDVRIDPRGHO
Ŷ 8VHDQDGDSWLYHPRGHODVDQDOWHUQDWHDSSURDFK

 (9$/8$7,21&5,7(5,$
 7KHPRGHOSHUIRUPDQFHZDVPHDVXUHGLQWHUPVRIWKH1506(IRUPHDVXULQJWKHHIIHFWLYHQHVVRIPRGHOLQ
DVVHVVLQJWKHVRIWZDUHUHOLDELOLW\
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:KHUH\N LV WKHDFWXDODFFXPXODWHGIDXOWVDQG  \ N

LV WKHHVWLPDWHGDFFXPXODWHGIDXOWVXVLQJYDULRXVVRIWZDUH
UHOLDELOLW\PRGHOVµQ¶LVWKHQXPEHURIVRIWZDUHUHOLDELOLW\SDUDPHWHUVJLYHQDVLQSXWµN¶LVWKHNWKLWHUDWLRQRXWSXW

&203$5,621$021*7+(02'(/6
 ,QWKLVVHFWLRQZHFRYHUWKHDQDO\VLVSDUWRI WKHH[SHULPHQWV:HKDYHXVHGWKUHHGLIIHUHQWGDWDVHWVDVD
%HQFKPDUN FROOHFWHG IURP GLIIHUHQW SURMHFWV >@ 7KH GDWD W\SH LV VWRFKDVWLF 'DWD VHWV UDQJH IURP PLOLWDU\
DSSOLFDWLRQ SURMHFWV UHDO WLPH DQG FRQWURO DSSOLFDWLRQV DQG ILQDOO\ RSHUDWLQJ V\VWHPV DSSOLFDWLRQV 7KLV GDWD DUH
LQWHQVLYHO\XVHGLQOLWHUDWXUHWRHYDOXDWHVRIWZDUHUHOLDELOLW\PRGHO>@7KHGDWDVHWVXVHGIRUWKHJHQHUDWLRQRIWDEOH
DUHVKRZQLQWDEOH


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'6>@ 5HDOWLPH


1(85$/1(7:25.602'(/
 )URPWKHREVHUYDWLRQLQ7DEOH7KH1HXUDO1HWZRUNV11VHHPVWRSHUIRUPUHODWLYHO\ZHOO$OWKRXJK
WKHQHXUDOQHWZRUNVDUH WKHEHVWSUHGLFWRUV LQPRVWFDVHV WKH\KDYHSURMHFWHG WKH ORZHVW1506( LQ WZRRI WKUHH
SURMHFWV)RUH[DPSOHLQWKHPLOLWDU\DSSOLFDWLRQSURMHFWVWKH\DUHZKLFKLVWKHORZHVW1506(DPRQJWKH
HQWLUHSURMHFWXQGHUVWXG\,QUHDOWLPHDQGFRQWUROSURMHFWWKH1506(LVDQGIRUWKHRSHUDWLQJV\VWHP
VVFWKH1506(LVPHDQZKLOHQHXUDOQHWZRUNVSHUIRUPEHWWHUWKDQIX]]\ORJLFPRGHO

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SXEOLFVWDWLFYRLGPDLQ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1HXURQRU QHZ1HXURQI
1HXURQOHIW QHZ1HXURQI
1HXURQULJKW QHZ1HXURQI
OHIWVHW:HLJKWI
ULJKWVHW:HLJKWI
[RUFRQQHFWOHIWULJKW

IRU6WULQJYDODUJV
^
1HXURQRS QHZ1HXURQI
RSVHW:HLJKW%RROHDQSDUVH%RROHDQYDO
OHIWFRQQHFWRS
ULJKWFRQQHFWRS
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[RUILUH
6\VWHPRXWSULQWOQ5HVXOW[RULV)LUHG
`
`

SXEOLFFODVV1HXURQ^
SULYDWH$UUD\/LVWLQSXWV
SULYDWHIORDWZHLJKW
SULYDWHIORDWWKUHVKROG
SULYDWHERROHDQILUHG

SXEOLF1HXURQIORDWW^
WKUHVKROG W
ILUHG IDOVH
LQSXWV QHZ$UUD\/LVW
`

SXEOLFYRLGFRQQHFW1HXURQQV^
IRU1HXURQQQVLQSXWVDGGQ
`

SXEOLFYRLGVHW:HLJKWIORDWQHZ:HLJKW^
ZHLJKW QHZ:HLJKW
`

SXEOLFYRLGVHW:HLJKW%RROHDQQHZ:HLJKW^
ZHLJKW QHZ:HLJKW"II
`

SXEOLFIORDWJHW:HLJKW^
UHWXUQZHLJKW
`

SXEOLFIORDWILUH^
LILQSXWVVL]H!^
IORDWWRWDO:HLJKW I
IRU1HXURQQLQSXWV^
QLIWLHU
WRWDO:HLJKW PLVILUHG"QJHW:HLJKWI
`
ILUHG WRWDO:HLJKW!WKUHVKKROG
UHWXUQWRWDO:HLJKW
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HOVHLIZHLJKW I^
ILUHG ZHLJKW!WKUHVKROG
UHWXUQZHLJKW
`
HOVH^
UHWXUQI
`
`

SXEOLFERROHDQPLVILUHG^
UHWXUQILUHG
`
`

,QPDLQFODVV,KDYHFUHDWHGWKHVLPSOHVLPXODWLRQLQPRGHOOLQJ-HII+HDWRQ
VGLDJUDP)LJ


)LJ-HII+HDWRQ¶V0RGHOOLQJ'LDJUDP
+RZHYHUZHZDQWHG WR HQVXUHP\ LPSOHPHQWDWLRQ IRU WKH1HXURQ
FODVV LV FRUUHFW :H KDYH DOUHDG\ WHVWHG DOO SRVVLEOH LQSXWV >WUXH
WUXH@>WUXHIDOVH@>IDOVHWUXH@>IDOVHIDOVH@DQGWKH\DOOSDVVHGP\
PDQXDO YHULILFDWLRQ $GGLWLRQDOO\ VLQFH WKLV SURJUDP DFFHSWV WKH
LQSXWV DV DUJXPHQWV LW DOVR VHHPV WR SDVV PDQXDO YHULILFDWLRQ IRU
LQSXWVVXFKDV>WUXHIDOVHIDOVH@>WUXHWUXHIDOVH@HWF
'HVFULSWLRQDERXW-HII+HDWRQ¶V0RGHOOLQJGLDJUDP
 )RUVFDODELOLW\ILUHVKRXOGEHUHVWUXFWXUHGVRWKDWDQHXURQWKDW
VDOUHDG\ILUHGZLWKWKHFXUUHQWLQSXWVHWGRHVQ
W
KDYHWRUHFDOFXODWHHDFKWLPH7KLVZRXOGEHWKHFDVHLI\RXKDGDQRWKHUKLGGHQOD\HURUPRUHWKDQRQHRXWSXW
QRGH
&RQVLGHUVSOLWWLQJ\RXUWKUHVKROGFDOFLQWRLWVRZQPHWKRG7KHQ\RXFDQVXEFODVV1HXURQDQGXVHGLIIHUHQWW\SHV
RIDFWLYDWLRQIXQFWLRQVELSRODUVLJPRLG5%)OLQHDUHWF
7ROHDUQPRUHFRPSOH[IXQFWLRQVDGGDELDVLQSXWWRHDFKQHXURQ,W
VEDVLFDOO\OLNHDQRWKHULQSXWZLWKLW
VRZQ
ZHLJKWYDOXHEXWWKHLQSXWLVDOZD\VIL[HGDWRU
'RQ
WIRUJHWWRDOORZIRUWUDLQLQJPHWKRGV%DFNSURSDJDWLRQZLOOQHHGVRPHWKLQJOLNHWKHLQYHUVHRIILUHWRWDNH
DWDUJHWRXWSXWDQGULSSOHWKHZHLJKWFKDQJHVWKURXJKHDFKOD\HU
)8==</2*,&02'(/
  7KH)X]]\ORJLFPRGHOSHUIRUPVUHODWLYHO\ZHOOWKURXJKRXWDOOWKHH[SHULPHQWV$OVRIX]]\ORJLFKDVWKH
EHVW SUHGLFWLYH FDSDELOLW\ LQ DOO WKHSURMHFWV)RU H[DPSOH LQ WKH IROORZLQJ SURMHFWPLOLWDU\ DSSOLFDWLRQ DQG
RSHUDWLQJ V\VWHP VVF WKH1506( DUH   EXW LQ WKH UHDO WLPH FRQWURO SURMHFW   WKH1506( LV
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ZKLFKLVWKHORZHVWZKHQFRPSDUHGEHWZHHQWKHWZRSURMHFWV$VZHKDYHVHHQIURPWKLVREVHUYDWLRQRIWKH
UHVXOWVQHXUDOQHWZRUNVPRGHOJLYHVWKHEHVWRUFORVHWRWKHEHVWSUHGLFWLRQVLQPRVWRIWKHFDVHV$OVRWKHQHXUDO
QHWZRUNVPRGHOLVVXSHULRUWRWKHSDUDPHWULFPRGHOVUHJUHVVLRQPRGHODQGIX]]\ORJLF

21(:$<$1$/<6,62)9$5,$1&($129$
 7KHSXUSRVHRIRQHZD\$129$LVWRILQGRXWZKHWKHUGDWDIURPVHYHUDOJURXSVKDYHD&RPPRQPHDQ
7KDWLVWRGHWHUPLQHZKHWKHUWKHJURXSVDUHDFWXDOO\GLIIHUHQWLQWKH0HDVXUHG&KDUDFWHULVWLF
)URP WKH REVHUYDWLRQ LQ 7DEOH  ZH IRXQG RXW WKDW WKH UHDOWLPH DQG FRQWURO SURMHFW 1506( LV WKH ORZHVW
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